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ABSTRACT








) supersymmetric electroweak corrections to




b at the Fermilab Tevatron in the minimal
supersymmetric model. The supersymmetric electroweak corrections to the cross
section are a few percent for tan > 1, and can exceed 10% for tan < 1. The
combined eects of SUSY electroweak corrections and the Yukawa corrections can
exceed 10% for favorable parameter values, which might be observable at a high-
luminosity Tevatron.
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1. Introduction
The top quark has now been discovered by the CDF and D0 collaborations at the Fer-
milab Tevatron[1]. Measurements of its mass are 176 9GeV and 170 18 from CDF and
D0, respectively, and the world-average value of the top quark mass from Run I at the
Tevatron was recently reported to be 175  6GeV , based on roughly 100 pb
 1
of data[2].
At the Tevatron the dominant production mechanism of the top quark is the QCD pair
production process qq ! t

t[3]. However, because the top quark is so heavy, electroweak
production of single top quarks can become signicant, particularly at the next Tevatron
Run-II. With
p
s = 2 TeV and an integrated luminosity of 2fb
 1
one can expect, in the





and 5  10
3
single top events produced[4], which is about 35% of the total t

t rate. After
taking into account the b-tagging eciency and the detection eciency[5], there are about
1000 single-b-tagged t

t pairs in the l+jets sample, 100 in the dilepton sample, and 250 single
top events in the l+jets sample available for testing various properties of the top quark.
Even with fewer events, single top production processes are important because they involve
the electroweak interaction and, therefore, can probe the electroweak sector of the theory,
in contrast to the QCD pair production mechanism, and provide a consistency check on the
measured parameters of the top quark in the QCD pair production. At the Tevatron sin-
gle top quarks are produced primarily via the W -gluon fusion process[6] and the Drell-Yan








process)[7], which can reliably be predicted in
the SM. The theoretical uncertainty in the cross section is only about a few percent due
to QCD corections[8]. As analysed in Ref.[9], the statistical error in the measured cross
section for the W

process at the Tevatron will be about 30%; however, a high-luminosity
Tevatron would allow a measurement of the cross section with a statistical uncertainty of
about 6%[9]. At this level of experimental accuracy a calculation of the radiative corrections
in the SM is necessary and eects beyond the SM, for example SUSY corrections, should
also be considered.
In Ref.[9] the QCD and Yukawa corrections to the W

process have been calculated
in the SM. In a previous paper [10] we calculated the Yukawa corrections to this process
from the Higgs sector in the general Two-Higgs-Doublet Model(2HDM) and the Minimal
Supersymmetric Model(MSSM)[11] and found that the corrections can amount to more than
a 15% reduction in the production cross section relative to the tree leve result in the 2HDM,
and a 10% enhancement in the MSSM. However, in the MSSM, in addition to these Yukawa
corrections from the Higgs sector, the Supersymmetric (SUSY) corrections due to super
1
particles (sparticles) should also be taken into account. The dominant virtual eects of









SUSY QCD corrections of order O(
s
) which arise from loops of charginos, neutralinos and
squarks, and gluinos and squarks. It is well-known[12] that the anomalous magnetic moment
for a spin 1=2 fermion vanishes in the SUSY limit and away from the SUSY limit there is a
partial cancellation. Therefore, in general, one can expect the Yukawa corrections from the
Higgs sector and the SUSY electroweak corrections from virtual charginos and neutralinos
to cancel to some extent.








) SUSY electroweak cor-









) terms from both Yukawa corrections and SUSY electroweak correc-
tions. The O(
s
) SUSY QCD corrections will be given elsewhere[13]. The paper is organized
as follows: In Sec. II we present the analytic results in terms of the well-known standard
notation of one-loop Feynman integrals. In Sec. III we give some numerical examples and
discuss the implications of our reults.
2. Calculations
2.1 Formalism
In our calculations we used dimensional regularization to control all the ultraviolet di-
vergences in the virtual loop corrections and we adopted the on-mass-shell renormalization























is the tree-level matrix element and M
SUSY EW
represents the SUSY electroweak

















































are used for the outgoing t and

b quarks, and s^ is the center-of-mass energy of the subprocess.















where  is the angle between the top quark and incoming quark. Integrating this dierential















































and ^ represents the SUSY electroweak corrections.
The total hadronic cross section for the single production of top quarks via qq
0
can be































































are their four-momenta, while











are the usual parton distributions[15,16]. Finally, introducing the

































=s. The quantity dL
ij























; ) + (A$ B)] (12)
2.2 SUSY electroweak corrections













from the Feynman diagrams shown in Fig.1(b)-(g). The matrix element for these corrections



















represents corrections arising from the self-energy diagrams and vertex





correspond to the box diagram [Fig1.(f)] and


















































































































































































































































































































































































































































































) are the three-



















































































































































































































































































and matrix elements N
ij
are obtained by diagonalising the matrix
Y [11]. Given the values of the parameters M;M
0








mixing term in the
superpotential and M and M
0
are the masses of gauginos corresponding to SU(2) and U(1),
5
respectively. With the grand unication assumption, i.e. SU(2)U(1) is embedded in some


















































































































































































































































































































the four-point Feynman integrals[17].



























































































































































































































































































































































































































































3. Numerical results and conclusion
In the following we present numerical results for the corrections to the total cross section




b at the Fermilab Tevatron with
p
s = 2 TeV. In
our numerical calculations we used the MRSG parton distribution functions[16] and chose the
scale  =
p
s^. Also we neglected SUSY corrections to the parton distribution functions. For











= 1=128. Other parameters were determined as follows:





, was determined from data
on B ! X[18]. The lower limits on tan  are tan  > 0:6 from perturbative bounds [19]
and tan > 0:25 (for M
t
= 175GeV) from perturbative unitarity[19]. We limited the value
of tan to be in the range of 0.25 to 5, as larger values of tan  are not interesting, although
allowed by the current data[18], since the eects are negligibly small.






























































. There are then three free parameters in the stop sector and we chose






and tan to be the three independent parameters.
The best current lower bound on the stop mass is 55GeV coming from LEP, operating at
p









b, we neglected the mixing between left- and right-handed


















































(iii) For the parameters M;M
0
;  and tan in the chargino and neutralino matrix, we













Some typical numerical calculations of the SUSY electroweak corrections are given in
Figs.2-4.
Fig.2 shows the SUSY electroweak correction =
0









. The correction is only a few percent of the tree-





= 75 GeV and 67GeV due to the fact that m
t




= (100; 107; 128; 221)
GeV and the threshold for open top decay into a neutralino and a lighter stop is crossed in
these regions.
Fig.3 gives the SUSY electroweak correction as a function of M
LR





= 60 GeV. This correction is also sensitive to M
LR
. With increasing M
LR
the mass









then increases with M
LR







thus the sbottom masses also increase, as seen from Eq.(52). Since we assumed the masses










are degenerate with the sbottoms, these masses then also
increase with M
LR
. So, with an increase of M
LR
, all the squark masses except the lighter
stop increase and their virtual eects decrease due to decoupling eects. From Fig.3 one sees
that for M
LR
> 200 GeV the magnitude of the correction drops below one percent.
In Fig.4 we present both the SUSY electroweak correction and the Yukawa correction[10]















, they can be very large for small tan .
From Fig.4 one sees that the SUSY electroweak correction exceeds -10% for tan  < 0:5,
and tends to innity when tan  tends to zero. As in the case of the Yukawa corrections,
the SUSY electroweak corrections are negligibly small for tan  > 1. Also, comparing the
8
SUSY electroweak correction with the Yukawa correction in Fig.4, one notes that the SUSY
electroweak correction and Yukawa correction have opposite signs, and thus cancel to some
extent. If the lighter stop quark has the same mass as the charged Higgs boson, the cancel-
lation is appreciable. However, as seen in Fig.4, if the charged Higgs is much heavier than
the lighter stop quark, the magnitude of Yukawa correction is much smaller than the SUSY
electroweak correction and there is very little cancellation. In such a case the combined
eects can exceed -10% for tan < 1.
To summarize, the combined eects of SUSY electroweak corrections and the Yukawa
corrections can exceed 10% for favorable values of the parameters. Since the cross section
for single top production can be reliably predicted in the SM [9] and the statistical error
in the measurement of the cross section will be about 6% at a high-luminosity Tevatron[9],
these corrections may be observable; at the least, interesting new constraints on these models
can be established.
This work was supported in part by the U.S. Department of Energy, Division of High
Energy Physics, under Grant No. DE-FG02-91-ER4086.
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Figure Captions
Fig.1 Feynman diagrams for the SUSY electroweak (SUSY EW) corrections: (a) tree-
level, (b)-(h) one-loop corrections.
Fig.2 The SUSY electroweak (SUSY EW) correction =
0










Fig.3 The SUSY electroweak (SUSY EW) correction as a function of M
LR
, assuming





Fig.4 The SUSY electroweak (SUSY EW) correction and the Yukawa correction as a




was assumed for the SUSY EW correction.
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